Advanced fine-line patterning techniques such as xray or electron-beam lithography and reactive ion etching are required for the fabrication of VLSI chips with subhalf-micron feature sizes. There is concern over the,longterm device reliability due to the residual radiation damage introduced by these radiative process steps. The residual damage consists of positive charge and neutral traps fl,Zl, which can trap charge and enhance device degradation upon hot-carrier injection. Although much work has been done to charactefize the electrical properties and the process dependence of these traps [2], their effects on the device reliability during actual device operation have not been fully understood, particularly for MOSFET's with very thin gate oxides.
INTRODUCTION
Advanced fine-line patterning techniques such as xray or electron-beam lithography and reactive ion etching are required for the fabrication of VLSI chips with subhalf-micron feature sizes. There is concern over the,longterm device reliability due to the residual radiation damage introduced by these radiative process steps. The residual damage consists of positive charge and neutral traps fl,Zl, which can trap charge and enhance device degradation upon hot-carrier injection. Although much work has been done to charactefize the electrical properties and the process dependence of these traps [2] , their effects on the device reliability during actual device operation have not been fully understood, particularly for MOSFET's with very thin gate oxides.
In this paper, the effects of x-ray irradiatioir on the channel hot-carrier reliability of n-channel MOSFET's with very thin (10nm) gate oxides ar 300K andTTKare studied and reported. The dose dependence of x-ray induced residual positive and neutral traps is examined. The relationship between oxide traps and channel-hot-carrier induced device degradation is investigated. The imprication of these results on x-ray resist sensitivity is discussed.
EXPERIMENT
Polysilicon-gate n-channel MOSFET's with l0nm gate oxide and shallow source/drain junctions patterned by optical lithography are used in this work. Except for the channel length and lithography process, the devices are identical in all respects to the scaled half-micron n-MOSFET's reported previously [3] . part of the wafer was kept as a control, while the rest was subjected to x-ray A-9-2 radiation at dose levels of 1.5 10-15 cm2 and smaller. These shallow traps do not capture electrons at 300K [5, 6] Fig. 4 where the Z7 shift is less with 5.5V at 77K than with 6Y at 300K. For most circuits the worst-case stress condition is the MIX mode, which may set the limit of the power-supply voltage.
The Y, shift due to x-ray induced residual traps of the 10nm gate oxide in this work compares very favorably with earlier results on 35nm oxide at the same dose (120mV of postive traps and )330mV of neutral traps after 120mJ/crn2 x-ray exposure and H2 anneal at 400C Il2l). The V7 shift due to residual traps tends to scale quadratically with oxide thickness, while power-supply voltage and V7 tend to scale linearly or sub-linearly.
Therefore, radiation-induced neutral traps tend to be of less concern for thinner oxides.
CONCLUSIONS
In conclusion, thin gate oxide (10nm in this work) appears to be compatible with x-ray lithography'processes in terms of radiation-induced residual traps and reliability. It is important to anneal out the residual positive traps. The residual neutral traps after x-ray exposure up to 1.5x107 rads and 400C forming gas anneal do not reduce the lifetime of thin-oxide (10nm) MOSFET 
